the topography of the free-energy landscape. Folding is easy if the landscape resembles a many-dimensional funnel leading through a myriad of pathways to the native structure. Only a few parameters should be needed to characterize statistically the topography of and routes down the folding funnel. Using experimental data, Onuchic et al. have estimated the extent, ruggedness, and slope of the folding funnel (2) . Similar parameters characterize the energy landscape Enat of simple computer models of pron teins. These models of self-interacting necklaces of beads, often on Fig. 1 Fig. 1 .
The funnel illustrates that a fast-folding helical protein has a collapsed molten globule band of states with roughly one-quarter of the number of native contacts correctly made. As one proceeds down the funnel, both entropy and energy decrease, but when roughly three-fifths of the native contacts are made, the incomplete compensation of entropy decrease by energy decrease leads to a very modest barrier (~3kBT) .
Folding is thereby slowed by a thermodynamic bottleneck. The transition state or bottleneck region consists of a large ensemble of structures reflecting the multiple pathways of protein folding. After this bottleneck is crossed, the entropy still decreases until discrete kinetic intermediates appear, most having roughly three-quarters of the correct contacts. These native-like but misfolded structures are sensitive to sequence mutation. If the thermodynamic bottleneck is not too narrow and the landscape still rough, the search through intermediates becomes rate-limiting.
A recent off-lattice study of Thirumalai and Guo (7) illustrates this well into the folding of a model with 46 beads. Using the connection between simplified bead models and helical proteins, their simulation is roughly like that of a 96-residue four-helix bundle protein whose native structure is shown in Fig. 2 . The sequence design of their model gives a folding funnel with a smaller slope than the fast folders just discussed. Now trapping in a rather native-like intermediate (Fig. 2) (9) suggests that different residues are between 30 and 70% folded in the ensemble of structures representing the transition state, reminiscent of the bottleneck in the three-letter-code funnel.
The small size of the actual thermodynamic barrier to folding is perhaps a bit surprising. Many studies on long time scales show very large actiṽ ation barriers, but the landscape theory suggests that these arise from transient trapping. In vivo proteins are stable by several kBT, so that folding may be largely a downhill run toward the final near native kiith a netic traps followed by a short search flate through them, as in many simulations. The near perfect compensation of entropy by enthalpy in the funnel suggests that proteins behave like fluids near a critical point. For theoreticians, a next step is to see how scaling and renormalization group ideas might be used to understand kinetics, especially for larger proteins. A more complete experimental characterization of the dynamics of partially folded proteins throughout their phase diagram, including very low temperatures and high pressures (10) , is also needed to precisely quantify the glass transition. For experimentalists, the present perspective also shows that the guiding forces act in much less than a few milliseconds. A new generation of experiments using lasers to rapidly initiate folding (11) promises dramatic advances in direct measurement of the protein's energy landscape topography.
